Contrary to the common belief that age-related WMLs (also known as leukoaraiosis) are a progressive condition, a case of partial reversal of WMLs shortly after carotid artery stenting is described. A 75-year-old man presented with frequent TIAs, which were attributed to right ICA stenosis. He subsequently underwent successful carotid artery stenting. Follow-up MR imaging a week after the procedure showed improvement of WMLs in the right cerebral hemisphere. Pixel-bypixel image analysis showed that the reversed WMLs tended to have higher 1 and lower signal intensity on b ϭ 0 images compared with nonreversed lesions, but by only approximately 10%.
C
erebral WMLs can often be detected on CT and MR imaging in elderly individuals. The term "leukoaraiosis" is often used to describe these WMLs. 1 Epidemiologic studies have shown that these WMLs are correlated with age, hypertension, arteriosclerosis, cigarette smoking, and glucose intolerance. 2, 3 These predisposing factors are also found in patients with lacunar infarcts; thus, it has been proposed that WMLs and lacunar infarcts share a similar underlying vasculopathy, namely, subcortical occlusive small-vessel disease secondary to arteriolosclerosis. These age-related WMLs are considered to be a progressive process. 3, 4 In fact, to our knowledge, improvement of such ischemic lesions in a short period of time has not been well documented. We report herein a case with partial resolution of WMLs shortly after restoration of blood flow by carotid artery stenting. We conducted a retrospective image analysis on the pre-and postprocedural MR images to determine if there were any differences between these WMLs, hoping that this would cast some light on their pathophysiology.
Case Report
A 75-year-old man presented to our hospital with TIAs, characterized by intermittent left upper extremity weakness. DWI revealed no apparent acute infarction. Motion-sensitizing gradients of this DWI were applied to 15 different directions to enable DTI. Punctate WMLs were noted on FLAIR images at the centrum semiovale of both cerebral hemispheres, with right hemispheric laterality (Fig 1A) . MR angiography revealed severe right ICA stenosis with distal flow compromise (Fig 1B) .
Subsequent right carotid conventional angiography revealed pseudo-occlusion of the right ICA, with marked delay in contrast arrival at the right cerebral hemisphere. A successful stent-placement procedure was performed without any notable complications. Follow-up MR imaging 7 days after the procedure showed a patent right ICA and improvement of WMLs in the right cerebral hemisphere ( Fig  1C, -D) . The patient remained asymptomatic at the recent 18-month follow-up.
To characterize the reversed WMLs, we performed a retrospective image analysis on the MR imaging data. First, affine registration of pre-and postprocedural FLAIR images was carried out, after which segmentation of the WMLs was performed (Fig 2A, -B) . Subtraction images yielded pixels with/without reversal ( Fig 2C) . We coregistered these data onto the DWI/DTI to characterize the nature of the WMLs. A t test was used for statistical analysis, and P values Ͻ .05 were considered significant. This image analysis revealed that the reversed WMLs had 10% higher 1 and 11% lower signal intensity on b ϭ 0 images compared with nonreversed WMLs. The ADC and 2 and 3 were not significantly different.
Discussion
Age-related WMLs are usually considered a progressive condition. 4 A population-based study that analyzed 2 MR images separated by 5 years showed worsening in 28% of participants. 3 The previously proposed mechanisms for progression included intermittent changes in cerebral perfusion pressure leading to incomplete infarction, 5, 6 leakage of toxic plasma components due to altered BBB permeability, [7] [8] [9] and microembolic events. 10 Each of these mechanisms would induce a progressive, but not reversible, condition. The present case with WML reversal must, therefore, have been induced by a different etiology.
There are a few clinical conditions in which transient brain edema is known to occur, which include hyperammonemia and posterior reversible encephalopathy syndrome. From the imaging perspective, the present case most closely resembles hyperammonemia. 11 The previous report dealing with hyperammonemia illustrated reversal of punctate WMLs in a series of patients with liver cirrhosis. 11 These patients were treated with liver transplantation, after which the authors noted WML reversal. Hyperammonemia causes increased permeability through the BBB, which was considered to be the source of transient edema.
A case report described reversal of WMLs after brain infarction. 12 This elderly patient had an acute brain infarction involving the occipital lobe. A follow-up MR imaging performed a year later revealed partial regression of WMLs. The authors of this report also speculated that this was due to transient disturbance of the BBB, causing patchy white matter edema.
To investigate the underlying pathophysiology of WML reversal in the present case, we performed a retrospective image analysis. This revealed that the 1 and signal intensity on b ϭ 0 images were different, but by only 10%. This finding may indicate that image-based differentiation between reversible and nonreversible WMLs may be challenging. A difference in 1 may indicate that nonreversed WMLs have axonal fragmentation or reduced axonal flow, but future pathologic correlation studies are needed to discover the true underlying mechanisms.
Aside from the pathophysiology, a few other clinical questions may arise. For instance, how often do we expect to see such reversal of WMLs after blood flow restoration and does this reversal indicate a successful treatment result? These issues would have sufficient impact on our clinical practice; thus, we have started a study to elucidate these issues.
